Realistic planning for a nutrition intervention is a critical component of implementation, yet effective approaches have been poorly documented. Under the auspices of "The Micronutrient Powders Consultation: Lessons Learned for Operational Guidance," 3 working groups were formed to summarize experiences and lessons across countries regarding micronutrient powders (MNP) interventions for young children. This paper focuses on programmatic experiences in the planning stages of an MNP intervention, encompassing assessment, enabling environment and adaptation, as well as considerations for supply. Methods included a review of published and grey literature, key informant interviews, and deliberations throughout the consultation process. We found that assessments helped justify adopting an MNP intervention, but these assessments were often limited by their narrow scope and inadequate data. Establishing coordinating bodies and integrating MNP into existing policies and programmes have helped foster an enabling environment and support programme stability. Formative research and pilots have been used to adapt MNP interventions to specific contexts, but they have been insufficient to inform scale-up. In terms of supply, most countries have opted to procure MNP through international suppliers, but this still requires understanding and navigating the local regulatory environment at the earliest stages of an intervention. Overall, these findings indicate that although some key planning and supply activities are generally undertaken, improvements are needed to plan for effective scale-up. Much still needs to be learned on MNP planning, and we propose a set of research questions that require further investigation.
| METHODS
A consultative group consisting of 49 practitioners with knowledge in the implementation of MNP interventions was formed. The process is described in the executive summary of this series . Briefly, under the auspices of "The Micronutrient Powders Consultation Lessons Learned for Operational Guidance," three working groups (WGs) were established: planning and supply (WG1); delivery, social, and behaviour change communication, and training (WG2); and monitoring, process evaluation, and supportive supervision for continual program improvement (WG3). The focus of the consultation was to review interventions that were fairly well established and scaled, targeting children 6-23 months of age.
However, as the consultative process unfolded, learnings from pilots and programmes with a wider target age (up to 59 months of age) were included, as well as some relevant lessons from emergency settings.
Each WG was charged with synthesizing available evidence from programmatic settings. The outcomes of this effort are presented in this paper for WG1 and elsewhere in this series for WG2 (Reerink et al., 2017) and WG3 (Vossenaar et al., 2017) . WG1 consisted of a chair (RDWK) and 14 participants working for governmental institutions, multilateral and international organizations, universities, and independent consultants. WG members were based in Bolivia, Canada, Guatemala, Nigeria, South Africa, and the United States. WG1 participated in a yearlong (July 2015-July 2016) consultative process. It held four teleconferences to define the scope of the WG topic; participated in a meeting on October 19 and 20, 2015, in Washington, DC, United States; exchanged emails; conducted key informant interviews; and reviewed literature.
The WG obtained primary data from key informants identified using purposive and snowball sampling (Table 1) . Key informants either completed a questionnaire or were interviewed using the same structured questionnaire (Supporting Information S1). Follow-up with key informants to confirm data and seek additional information was performed as necessary. WG members involved in implementation also completed questionnaires or were interviewed. Data were analysed by collating the information into a spreadsheet and identifying relevant information. We also identified key informants to provide information for case studies to take a more in-depth look at context-specific learning. Key informants provided expert opinion as part of their professional capacity and regular public health practice. Thus, the activities involved in the consultation did not meet the human subjects 0 research definition and were considered exempt by the John Snow, Inc.
Institutional Review Board. Interview participants were told their names would be confidential in all reports and manuscripts and that the information from this consultative process would be summarized in manuscripts submitted for peer review publication.
The WG obtained secondary data from a systematic search of peer-reviewed and grey literature. The search inclusion criteria was
Key messages
• Few micronutrient powders interventions are informed by a comprehensive assessment of micronutrient status and gaps, mapping of key policies and programs, and capacity assessment, due in part to the lack of available data.
• Micronutrient powders have not always been wellintegrated into existing programs, often because of weaknesses in relevant pre-existing programs.
• Formative research and pilots have been useful for initial adaptations of a micronutrient powders intervention, but have often failed to address operational scale-up, thus requiring ongoing research during implementation.
• While the initial costs of a micronutrient powders intervention can be borne by external partners, ultimately government financing, subsidized or full-cost approaches, or a combination thereof, may be needed to sustain the effort.
• Micronutrient powders are predominantly sourced from international suppliers, but local production may be feasible with substantial investments. High product quality has helped build and sustain trust.
implementation learning on MNP from database inception through December 2015 and included a screening of abstracts, along with full texts when required, as described in more detail in the executive summary of this series . A broad interpretation of relevance was applied when selecting literature to maximize the potential secondary data.
This paper is divided into two sections: planning and supply. We borrow the framework proposed by Meyers, Durlak, and Wandersman (2012) on quality implementation to structure the planning section into three subthemes: assessment, enabling environment, and adaptation.
According to this framework, the initial considerations for a new intervention comprise assessment, capacity-building strategies, and decisions about adaptation (Meyers et al., 2012) . Assessment was defined as a means to determine the degree of fit between the new intervention and the setting. The upstream capacity-building strategy was defined as "obtaining explicit buy-in from critical stakeholders and fostering a supportive community/organizational climate," which includes engaging opinion leaders, aligning to policies, removing barriers to use, and identifying advocates for the proposed intervention. We broadly consider this the "enabling environment"
and do not consider in this paper the more downstream implementation-level capacity (organizational and staff capacity, etc.) identified in the Meyers framework. Adaptation was defined as identifying elements that need to be retained and those that can be modified to the context. The framework was not explicit with regard to financing, so we placed this after the adaptation section.
Although some planning considerations are relevant only at start-up, many must be reconsidered for potential scale-up as part of regular ongoing decisions about programme adaptation. We used the paper by Gillespie, Menon, and Kennedy (2015) to guide our thinking on scale-up. They identify nine elements that are useful for scaling up nutrition interventions, and our paper touches on governance structures and systems; and (h) ensuring adequacy, stability, and flexibility of financing. The ninth element-monitoring, evaluation, learning, and accountability-is discussed in the WG3
paper (Vossenaar et al., 2017) .
The findings from this review are presented as a series of statements that relate to current practice, followed by details of the The decision to implement an MNP intervention should be based on an assessment of nutrient gaps, existing policies and programmes to meet these gaps, and readiness to implement a new intervention (Neufeld & Cameron, 2012; WHO, 2016) . Such assessments have the potential to determine whether an MNP intervention should be initiated, substantiate an MNP formulation (3, 5, 15, or 22 micronutrients are standard), determine target populations or subregions of the country on which to focus efforts, identify existing related interventions, and consider potential delivery strategies (Neufeld & Ramakrishnan, 2011; KI 4) .
Assessments have largely focused on the prevalence of anaemia, and in a few instances micronutrient status and/or adequacy of nutrient intake, to justify an MNP intervention (KIs 1, 2, 3, 4, 6, 7, 9, 10, 11, 12, 14, 15, and 20) . In Mongolia, stakeholders decided to introduce MNP based on an assessment that reported a 33%
prevalence of vitamin D deficiency, a 32% prevalence of iron deficiency anaemia, and low intake of micronutrient-rich foods and iron supplements among children (World Vision Mongolia, 2005) .
Likewise, in Kyrgyzstan, an MNP intervention was initiated on the basis of data showing high anaemia rates, low rates of infections, and poor diet quality (Lundeen et al., 2010) . In Bangladesh, micronutrient gaps, and the extent to which food-based approaches and/or MNP could meet these gaps, were assessed; it was concluded that both Formative research: A process that occurs before an intervention to "obtain detailed information about the people for whom, and the context in which, interventions will be designed" (Gittelsohn et al., 2006) Integration: Including an MNP intervention in existing policies or programmes so that MNP may benefit from existing infrastructure intervention strategies should be implemented (Karim et al., 2005) .
Data on micronutrient deficiencies and MNP efficacy were important for advocacy during both start-up and scale-up (Lundeen, Imanalieva, Mamyrbaeva, & Timmer, 2013 ). Evidence generated A randomized controlled trial was conducted by Bolivian researchers under similar circumstances to those of the former intervention for the prevention and control of anaemia in children 6-23 months. From this study, the researchers concluded that the use of MNP increased adherence to treatment and significantly reduced rates of anaemia compared to ferrous sulfate syrup (Urquidi, Mejía, & Vera, 2009 ).
Supply issues MNP was registered with the MSD as a supplementary food. The MI donated the initial 6 million sachets (for 100,000 children). In 2008, MSD issued a request for tender to Bolivian pharmaceutical manufacturers to provide a national supply of Chispitas. Stock-outs were frequently experienced and due primarily to factors including inaccurate forecasting, order delays due to limited supplier capacity, and delays receiving SUMI funds for MNP procurement.
Outcomes By 2013, MNP coverage reached 72% of approximately 536,000 children 6-23 months of age. A nationally representative survey found 74% of urban caregivers and 82% of rural caregivers demonstrated adequate preparation of MNP. As a measure of adherence, 45% of urban and 52% of rural caregivers reported that children consumed all 60 sachets.
Lessons learned
The integration of MNP into existing public health and nutrition programmes is a feasible approach to enable large-scale distribution. Support for the scale-up process can be enhanced by government agencies and policymakers who include MNP within national development plans and give prioritization to multisectoral coordination, engagement of the private sector, and resource mobilization. Once a programme can generate sufficient orders, and demand for the product is steady, local manufacturing can be a reliable and cost-efficient approach to maintaining a quality supply. 
| Enabling environment
Generating buy-in for MNP started at the global level and has been adopted by countries ready to try a new approach A common concern about introducing MNP has been the safety of iron interventions, particularly in the context of malaria Where Currently rolled out to 20 districts covering one third of the country.
When
The intervention started with a small-scale feasibility study on MNP distribution linked with IYCF in 2009, which led to an implementation of large-scale pilot in six districts to design an approach to scale up the intervention nationally.
Partners
The initiative has been led by the MoH with lead support from UNICEF-Nepal. The program design and implementation have also been supported by the CDC, the National Planning Commission, the Institute of Medicine, WFP, and Micronutrient Initiative. Funding was provided by the European Union, Australian Aid, Work Bank, International Zinc Association, UNICEF, and the Government of Nepal.
Objectives
The main goal of the IYCF-MNP ("Baal Vita"-Vitamins for Children in Nepali) program is to reduce anaemia in young children by ensuring more than 80% of 1.5 million children 6-23 months of age consume a course of MNP twice a year by progressively scaling up the intervention nationally by 2017. The program also aims to promote optimum feeding practices to improve growth of 3.7 million children under 5.
Target population
The primary target for the national program is children 6-23 months of age. In emergency settings, such as general food ration distribution in food-insecure areas by WFP and in a UNHCR-supported Bhutanese refugee camp, MNP distribution has covered children under 5.
Coordination A multistakeholder committee chaired by the National Planning Commission was formed to design the program. MoH coordinated rollout with strong engagement with various stakeholders.
Enabling environment
A national situational anaemia analysis in 2003 underscored the urgent need to address anaemia in children. Almost half of children under 5 and around 75% of children under 2 were suffering from anaemia. In 2005, the National Nutrition Strategy and Anemia Plan of Action endorsed MNP as a key intervention. In 2007, the Joint Stakeholder National Nutrition Priority Workshop approved MNP piloting, with strong emphasis on IYCF promotion. With the feasibility study and pilot, the "strategic plan for initiating and scaling up IYCF community promotion linked with MNP" was formulated to serve as the road map. Furthermore, it has also been highlighted as a key intervention in the MultiSector Nutrition Plan for national scale-up.
Evidence generated
The pilot phase demonstrated that for both health facility and community-based distribution, female community health volunteers can help achieve strong and equitable coverage and compliance. Regular social mobilization through communitybased organizations is also important for maintaining good performance.
Supply issues In Nepal, MNP is considered a food supplement. Initially, the product was procured by UNICEF, but over time, the government has started procuring it with its own resources through a Health SWAp pooled funding mechanism. The distribution of MNP and communication materials has been integrated into the government 0 s logistics management system and the reporting of supply status has been institutionalized.
Outcomes
The coverage of MNP distribution has consistently reached over 60% and as high as 83% in the past 5 years of implementation. An evaluation is ongoing to document the impact of the intervention, including its contribution in reducing anaemia and providing guidance to enhance efficiency and effectiveness of the future programming.
Lessons learned
Nepal has adopted a phased approach to initiate and scale up MNP, starting with generating strong acceptance for the intervention through extensive advocacy and stakeholder engagement, and then designing a national approach based on a large-scale pilot. One of the key factors for success is integrating MNP with IYCF promotion. Based on information from key informant 15 (Neuberger, Okebe, Yahav, & Paul, 2016) . The WHO guidance on implementing MNP concurrently with malaria control measures was useful in addressing this concern (WHO, 2011). In Tanzania, after a review of the WHO policy and research, maintaining a 10-mg iron dose was agreed upon (KI 9). Similarly, in Nigeria, consensus needed to be reached by health authorities in all 37
states on whether to include MNP in the national micronutrient guideline. After zonal meetings in areas with a high burden of malaria, it was agreed that the benefit outweighed the risk, and the guideline in Nigeria was revised to incorporate a chapter on MNP (KI 15). Enabling environment The MN-TWG collaborated with many groups within and outside of the MoH. The group participated in the development of national micronutrient guidelines (to ensure there was a policy framework for MNP distribution), formation of a draft implementation framework, and develop a harmonized social behavioral change communication plan and monitoring tools.
Evidence generated Implementing partners conducted formative research prior to the start of implementation. These findings suggested that although MNP was acceptable in Ugandan communities, sponsorship by local officials and the MOH would be important for continued acceptance. Findings from the pilot are not yet available but will be used to inform national programming and further use of MNP in the country.
Supply issues In SPRING 0 s experience with MNP procurement, 6 months was required to prepare an appropriate request for proposals for MNP. The request for proposals included references, financial statements, information on formulation, data on overages (micronutrient levels beyond the WHO recommendations), product shelf life, terms of delivery, and payment. After the request for proposals, in Uganda, 14 months was required before the MNP was delivered. The U.S. Government considers MNP a pharmaceutical product, which, per ADS 312, is subject to U.S. Government approval and regulations regarding quality and sources (i.e., not local) of the product.
Outcomes
SPRING is conducting surveys to estimate reach/coverage, adherence/use, and cost-effectiveness. SPRING is also carrying out qualitative work to understand the issues related to the use or nonuse of the product after 2 months. WFP and CDC conducted baseline assessments and will conduct follow-up work to look at MNP use and anaemia prevalence to understand the effectiveness of MNP in Uganda.
Lessons learned Procurement processes can be complex, as each implementing partner 0 s procurement processes, in addition to the donor 0 s processes, needs to be followed. Furthermore, there are additional processes that apply to MNP. In Uganda, SPRING learned that developing local packaging for MNP takes a long time, as several stakeholders 0 inputs need to be resolved (e.g., the International Baby Food Action Network wanted to ensure the product would not be misunderstood as a breast milk substitute). Product registration is a time-intensive process that requires significant support and coordination from the MoH. It was also a lengthy process to develop a policy framework to allow MNP programming. This process required buy-in from many outside of the MN-TWG. That buy-in ultimately helped facilitate a range of follow-on tasks, including product registration and institutional review board approval for studies. Scale-up was built into the planning from the start. The scale-up is organized in two stages. In the first stage, MN-TWG partners undertake implementation research studies on MNP distribution in identified districts to gauge acceptability of MNP and document distribution options in pilot districts. On the basis of lessons from this pilot process, the second step will consist of the national introduction of MNP, led by the MoH in collaboration with other stakeholders. Horton et al., 2010; Sharieff et al., 2006) . Tanzania used local cost-effectiveness data showing an estimated 3% loss of GDP due to micronutrient deficiencies (Verster, 2010) .
MNP can be distributed through existing channels for cost savings. Iron supports cognitive and physical development, ultimately contributing to a country 0 s GDP.
Donors
Overburdened public health systems and challenges in providing access to free health interventions, especially among hard-to-reach populations. Capacity to establish complementary public and private distribution channels Sustainability and self-financing by the country after the initial donor investments end Use in humanitarian and emergency contexts Global Supporting delivery mechanisms that are feasible and scalable and have the potential to become self-sustaining.
Health system distribution has been complemented by market-based approaches.
In humanitarian response, consider supporting the supply short-term as part of the emergency package with the long-term vision of integrating into development plans. Formative research has allowed for early learning to identify and resolve potential obstacles and prevent costly mistakes later in the life of the intervention (KIs 1 and 14) . In Bolivia, inappropriate use and doubts about the product, which were later difficult to correct, were attributed to the lack of formative research conducted (MacLean, Jalal, Loayza, & Neufeld, 2013) . In Nigeria, a formative research phase of 9 months was needed to develop a culturally appropriate behaviour change communication strategy to promote MNP acceptability and utilization among its diverse population (Kodish et al., 2015) . Formative research in Kenya alerted programmers not to include anaemia messages because the condition was perceived as a rare and serious illness (Jefferds et al., 2009 (GAIN, 2015; Jefferds, 2014; Jefferds, Irizarry, Timmer, & Tripp, 2013; Kodish et al., 2011; Osei et al., 2014; World Food Program, 2015; KIs 1, 9, 10, 11, 12, 14, 15, and 16) .
Pilots have been helpful in generating buy-in from local and national representatives before a larger investment is made, correcting mistakes, and uncovering issues not identified during formative research. Pilots were the most informative when designed to determine feasibility and when they included process indicators and outcome measures (e.g., coverage, appropriate use, and intake adherence) as was the case in Kenya, Mongolia, and Nepal Mirkovic et al., 2015; Suchdev et al., 2012; Vanchinkhuu, Norov, & Bat, 2013) . Examples of practice-based learning include engaging private sector agents in expanding reach and timing the launch of MNP interventions to encourage the greatest acceptability (KIs 1, 6, 11, 12, and 16). In Kyrgyzstan, an untimely launch during the rainy season led to public 0 s association of MNP with the increased incidence in diarrhoea (KI 6).
The long-term costs of MNP interventions as programmes scale up is usually greatly underestimated
A Copenhagen Consensus review found that micronutrient interventions were cost-effective in general (Horton, Alderman, & Rivera, 2008) . According to the review, 60 sachets of MNP every 6 months cost an estimated $1.80 per course, or $3.60 per child per year.
With additional delivery costs, the total doubled to about $7.20
per child per year under a publicly funded free-for-product MNP model (Horton et al., 2010) . A costing study of Kyrgyzstan 0 s freefor-product MNP programme estimated total costs (supply, delivery, and planning) to be $8.16 per child for a 6-month period and supply to account for 43% of total costs (Armstrong, 2009) whereas a subsidized arm is used for others, generally those who could afford to purchase MNP (KIs 2 and 16). Experiences with free, subsidized, and full cost MNP models are presented in the delivery paper of this series (Reerink et al., 2017) . Table 3 indicates some of the cost, management, and sustainability issues that have been considered in deciding between these distribution options. In many cases, long-term costs of MNP interventions were not considered upfront, but rather funds were secured for pilots with the hope of further investments or a successful subsidized or mixed model in the future (KIs 2, 9, and 14).
| Supply

MNP has been classified as either pharmaceuticals or food related, with different implications
The regulatory classification of MNP has had implications for how the product is imported, packaged, distributed, and/or promoted (KIs 1, 2, Fully commercial distribution (marketed through pharmacies /retail)
• Advocacy, regulation, training, and other standard start-up costs which may not be feasibly included in product price
• Expensive stock must be kept on hand, or consumers can become frustrated and lose interest: e.g., with ready-to-use therapeutic foods (Guevarra et al., 2014) • Limited demand and low profit margins are a common risk and may lead to costs for social marketing/promotion
• The costs to the consumer, which are almost as high as the supply plus program cost of the public option
• Donor support for initial start-up costs, including supply
• Allow stock to be bought on consignment.
• Use less expensive approaches where possible. Note there is some doubt that social marketing will reduce price sensitivity (Dupas, 2014) • A commercial product requires less management
• Often requires donor to support countries as they start up
• Funds are paid back to the supplier
• Product price can cover the cost of marketing, or a donor is willing to fund until market is established.
• As long as there is demand Subsidized • Supply and other start-up costs
• Fee charged may not be sufficient to motivate coverage at desired levels, particularly for the work required and the costs of transportation and materials for demonstrations (Gittelsohn & Cristello, 2014) • Vouchers/subsidy to offset consumer costs (Siekmann, Timmer, & Irizarry, 2013) ; with similar products, a heavy subsidy was needed (Dupas, 2014 ).
• Study and establish level of fee required and balance against consumer price sensitivity
• Wealthier consumers, government or a donor cover cost of subsidy and management
• Management and costs are similar to the fully commercialized model
Free (facility-based or communitybased distribution)
• Supply and other start-up costs
• Staff and beneficiary time for distribution and counseling, and other expenses of distributing/ collecting (Helen Keller International, 2015)
• Staff time and other expenses of monitoring
• Budget for monthly stipend for travel costs of any outreach workers/ volunteers, particularly for hard-to-reach areas, is recommended (Helen Keller International, 2015)
• To reduce costs for both staff and beneficiary, reduce number of times distributing (whether via campaign or via regular beneficiary visits) by giving a 4-month course twice yearly (UNICEF & CDC, 2009) and reducing number of counseling sessions (Helen Keller International, 2015)
• Reduce monitoring visits as capacity increases (Helen Keller International, 2015)
• Provide primarily for hard-to-reach, highpriority target areas, and the minimum deemed feasible
• Commonly requires donor to support countries as they start up
• Relies on government revenue (not guaranteed) to cover biannual campaigns or regular health staff time and distribution
• Reduced number of contacts reduces opportunity to influence behavior
• If beneficiaries are required to collect MNP, demand may be reduced a CDC, Centers for Disease Control and Prevention; MNP, Micronutrient Powders; UNICEF, United Nations Children 0 s Fund. 4, 6, 9, 10, 11, 12, 13, 16, 17, and 18) . Classification as a pharmaceutical has sometimes exempted MNP from import taxation, particularly in instances where MNP has been included on the national list of essential commodities, which can also help with donor buy-in (KIs 2, 9, 10, and 13). The pharmaceutical classification can also help increase demand due to the perceived value of medicines (Gittelsohn & Cristello, 2014) . Classifying MNP as pharmaceuticals may also encourage training of pharmacists and doctors in their appropriate use (Bahl et al., 2013) . However, pharmaceuticals attract stringent requirements regarding production, testing, prescribing, and dispensing, thereby limiting the number of potential suppliers and distributors, which was the case in Bangladesh (Business Innovation Facility, 2013; KIs 13, 17, and 18). Additionally, if provided through donor funding, classification may subject the procurement of MNP to particular donor rules or require special permissions (KI 21).
Classification as a food-related product has meant greater flexibility in terms of distribution, including opportunities for a larger number of retail sales points. However, deciding on this classification has required due diligence in marketing to follow regulatory limits on health claims and promotion of the product. Nonetheless, many countries (Bangladesh, India, Indonesia, and Tanzania) have been cautious, seeking an exemption from the local regulations for MNP (KIs 1, 4, and 9).
MNP has mainly been procured through international suppliers
Procurement decisions for MNP have tended to centre on quality, cost, and timing, including lead times for production and shipping (KIs 1, 2, 5, 8, 9, 10, 11, 12, 13, 14, 17, 18, 20, and 21) . During planning, assessments need to estimate short-and long-term volume requirements, product specifications, and the capacity of local industry to produce and store MNP (KIs 1, 5, 8, 9, 10, 11, 12, 13, 17, 18, 20, and 21) . The noted advantages and disadvantages of fully imported versus locally produced sourcing are summarized in Table 4 .
The MNP is often sourced as fully imported finished products from centralized manufacturing operations (KIs 3, 7, 9, and 14), as this process allows for improved efficiencies and lower costs due to economies of scale (KI 5). Full importation has also led to challenges, such as high import duties, unacceptably long lead and delivery times, logistical problems at points of entry, or an outright prohibition on importation (KIs 5, 8, 9, 10, 11, 12, 13, and 14) . Moreover, there have been some quality and supply interruptions with international producers. However, because international suppliers are known entities, their accountability may be higher. For example, in Cambodia, low-quality supply resulted in the loss of a large quantity of sachets, after which international stakeholders exerted considerable pressure on the supplier to avoid a recurrence (KI 14).
Local production has been even more challenging, and only seven countries were identified as having local options for sourcing MNP (local packaging or mixing and packaging; Table 4 ). A major issue has been the low incentive for local suppliers to take on significant risk to upgrade manufacturing standards and/or create demand in an unpredictable market (Bahl et al., 2013 be an annual production of at least 100,000,000 sachets, or enough for about 833,000 children (KI 5).
Adequate quality control systems are important for product acceptability and trust
The MNP requires both sophisticated packaging and systems to ensure stability. Before they are packaged into sachets, MNP premixes attract water from the surrounding environment; MNP also contain components that deteriorate with exposure to heat and moisture (KIs 4, 13, 17, and 18) . Quality control systems ensure the quality of raw materials and the correct composition, seal integrity, packaging, and labelling of sachets (CODEX, 2005 (CODEX, , 2013 . MNP must typically be packaged in such a way as to guarantee a shelf life for 18-24 months, often under severe conditions (KI 13).
If produced according to quality standards, MNP does not affect taste or colour of foods, but a lapse in the quality control or even the continuity in the supply has had long-lasting, detrimental effects for end users in terms of product trust, uptake, and adherence (Afsana, Haque, Sobhan, & Shahin, 2014; GAIN, 2015; Gittelsohn & Cristello, 2014) . In Cambodia and Madagascar, significant discoloration and change in taste of MNP sachets were found, leading to end user refusal and, in the case of Cambodia, government suspension of delivery (KI 14). In both cases, intensified efforts were needed to restore the reputation of both MNP and the community workers promoting and delivering them (Gittelsohn & Cristello, 2014; Helen Keller International, 2015) .
Maintaining regular supply has been a challenge
Maintaining a continuous supply of MNP has been consistently reported as a challenge, due to delays in funding, current stock having to be destroyed, forecasting, supplier capacity issues, and lengthy procurement lead-production (8-12 weeks) and shipping times (8-14 weeks) (KIs 13, 14, 15, and 20) . Typically, first-time international procurements have taken up to a year and regular resupplies can take up to 6 months, subject to procedural issues, importation, and regulatory delays, as discussed above (KI 15).
Once the product is in the community, the entity responsible for supply management has needed to ensure use before the expiry date. There have been instances in which MNP has had to be destroyed because they were not used before their expiry date or because of quality issues (KIs 9 and 14). In terms of packaging, Bangladesh and Bolivia learned through trial and error to align the numbers of sachets per package with visit frequency. For example, if community agents only visit every 2 months, providers distribute packages containing a 2-month supply as per the recommended regimen (Helen Keller International, 2015; Lundeen et al., 2013; Schauer et al., 2017; KI 19 
| DISCUSSION
Designing sustainable MNP interventions that reach the most vulnerable populations, especially at scale, is challenging (Zlotkin & Tondeur, 2007) . In this paper, we documented experiences with the processes of planning an MNP intervention and securing supply. We captured practice-based evidence by drawing not only on peer-reviewed articles and programme documents but also on implementers 0 experiences.
This review is not exhaustive, although it does cover the best documented and/or most accessible experiences. We acknowledge several limitations, including the lack of data available outside of efficacy trials, poorly documented programme experiences, and inherent issues with generalizing across contexts. The challenges in generating and distilling practice-based learning are not specific to MNP interventions and have been noted by others (Green, 2008) . Nonetheless, these findings offer lessons that can inform efforts to introduce and/or scale up MNP interventions, and those point to the need for better documentation • International companies have more resources to meet complex specification and quality requirements
• Consistent product quality (international standards as well as prequalification of suppliers by UNICEF, WFP, GAIN)
• Comprehensive standardized quality control systems via internationally recognized laboratories and certificate of analysis (CoA) systems
• Large international suppliers may be better able to absorb fluctuations in demand (accurate forecasting challenges)
• Flexible to tailor package design and marketing needs (local language, BMS code regulations in country)
• Local supplier may be better able to respond to program changes, providing uninterrupted, continuous supplies (Afsana et al., 2014; GAIN, 2015) • Compared to local mixing option, premix supplier provides CoA, so quality control is limited to weight control and monitoring the seal/appearance
• May support local economic development
• No add-on time from shipping and clearing
• Flexible to tailor package design & marketing, as well as formulation
• Lower import barriers for raw material than pre-packaged MNP or premix may reduce final price
• Simple equipment required for mixing
• May be more profitable than importing & packing premix for local companies (Guatemala)
• No add-on time from shipping & clearing providing raw & packaging material stocks are correctly managed Disadvantages • Time (6 months for production, shipping, clearing typical for re-orders). First time procurement, registration and clearing, or non-standard composition, packing or packaging add more time
• Can require large minimum orders
• High costs related to shipping and taxes, among other import barriers (regulations, logistics, and customs clearance at port of entry)
• Required manufacturing standards and infrastructure may be hard to meet (HACCP, ISO)
• Local companies may not want to sell to government (often the main buyer) since they perceive government payment to be not very reliable.
• Has usually required significant capital investment for local company.
• Still likely to require importation of high-barrier packaging materials for sachets.
• In addition to the disadvantages of locally packaged MNP, also requires laboratories (internal or external) with the capacity to analyze premixes for all the relevant micronutrients and internal capacity to analyze final produce for key micronutrients on a routine basis. Introduces more complex and expensive quality control requirements and requires highly skilled laboratory personnel.
• Sudden significant changes in demand can only be handled by holding large stocks of raw and packing materials
Comparative advantage
• Quality control, cost efficiency, ability to absorb large demand fluctuations
• Tailored package design and marketing; shorter turnaround time for re-orders
• Potential increased profit margin for producer over packaging alone
Example countries
• Majority of MNP-implementing countries and implementation research. We found the frameworks of Meyers et al. (2012) and Gillespie et al. (2015) useful for revealing gaps in the planning process. The application of frameworks such as these may be useful in future implementation research and planning activities.
A comprehensive MNP assessment was often not undertaken, and when they were, institutionalization, capacity building, and competencies were rarely addressed. MNP has mainly been introduced in response to the high prevalence of anaemia in young children based on the assumption that anaemia is caused by iron deficiency. Maintaining the core aspects of an MNP intervention and then adapting the intervention on the basis of the results of formative research and pilot studies are critical to the planning process (Zlotkin et al., 2015) , and we found these types of studies were often done.
In general, formative research has consistently shown high acceptability, compliance, and willingness for continued use of MNP, and pilots have indicated the potential to achieve nutritional impact (Michaux et al., 2014; Reerink et al., 2017) . However, this has often not translated into successful programmatic results during the scaleup phase (Michaux et al., 2014; Reerink et al., 2017) . A better understanding of how to design formative research and pilot studies that will inform scale-up remains a major gap. In addition, learning the types of information that can be applied from similar settings will reduce the need to replicate resource-intensive studies.
Although Accessing an adequate, timely, and quality supply of MNP is crucial for a successful and sustainable MNP intervention, yet it remains one of the greatest challenges (UNICEF & CDC, 2010). The landscape for sourcing, the complexity of production, and supply chain quality control lead to a wide array of lessons learned. There is a case-where local circumstances permit-for commencing with a fully imported product and moving to local production at a later stage.
Long-term cost savings of local production have not been fully evaluated. The development and implementation of quality control systems for both supply and distribution of MNP need to be considered at start-up, as errors can negatively impact acceptance and proper use. Aside from the obvious benefits of quality control, supply of MNP benefit from integration into existing delivery systems to reduce costs and improve efficiencies in the long term.
Although anecdotal information exists about MNP processes around planning, coordination, and reliable supply, further research is needed to generate wider knowledge and overall efficiency. Priority research areas or tools/resources identified during the consultative process included the following:
• Identify the "tipping points" to achieving government buy-in (political and financial) of MNP and related contextual factors.
• Establish benchmarks for the level of coordination and capacity building needed to manage the different efforts that MNP interventions may require.
• Develop basic formative research questions, methodologies, and tools that programmes can use to inform the programming of and communication around MNP, focusing on the context-specific knowledge, attitudes, and behaviours around complementary feeding and other aspects that might impact adoption.
• Identify best practices to build MNP funding into scale-up plans and national programmes.
• Articulate decision-making pathways to source MNP according to capacity requirements and regulatory and import tariff regimes.
• Analyse the production process and timelines (e.g., packaging
formats and shelf life, ordering, and delivery time windows) from a systems perspective to improve continuous supplies.
• Assess cost savings or economic benefits of local production.
• Analyse cost-effectiveness of various integrated options within health and nutrition policies to provide quick and reliable estimates for rollout of MNP interventions and their sustainability.
